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APPENDI X C
EMBEDVENT TECHNI QUES FOR
CARLSON TYPE TRANSDUCER | NSTRUMENTS
C-1. General. The follow ng techniques are those that should be fol-

lowed to insure an adequate installation of Carlson type transducers.

C2. Strain Meter. A successful strain meter installation requires that
each nmeter be aligned with reference to the structure axis or center-line
as specified on the drawings, and that the concrete surrounding the
meters be identical with that in the renmainder of the structure. Ob-
viously these goals cannot be achieved conpletely, but every effort
shoul d be nmade during placenent operations to satisfy the conditions so
far as practicable.

a. Single Strain Meters. Single strain meters are usually em
bedded near the top of a lift. In this case let the |ift be topped off
and the placing crew nmove away.

Step 1. Dig into the area for the full depth of the instru-
ment and discard all aggregate over 3-in. size.

Step 2. Backfill sufficiently to provide a bed for the instru-
nent .

Step 3. Make a hole for vertical or diagonal neters, using an
electric laboratory vibrator or by driving a pointed 1-1/2-in.
dianeter steel pipe into the backfilled concrete, and insert neter
in the hole. Horizontal neters are nerely laid flat on the pre-
pared bed.

Step 4. Check angles, direction and depth, using the machinist's
protractor and level, held against the end flange.

Step 5. Carefully vibrate or hand-puddl e around the neters.

If job vibrators are used, care should be taken to avoid violent
or excessive vibration which nmight disturb the neter alignment or
overvi brate the backfilled concrete.

Step 6. Conplete backfilling by hand with 3-in. maxinum aggre-
gate concrete, and hand-puddling up to grade.

b. Interior Goups of Meters. More elaborate preparations and
facilities are required on interior groups of neters to assure proper in-
stallations in the linmted time available before the concrete attains
its initial set. It is desirable that prior to the tinme concrete is
placed in the intended meter location the neters be brought into the
bl ock and grouped according to their arrangement in the monolith, and
that tools, equipnent, tenplates, and spare neters be placed in a con-
veniently accessible location. One procedure for placenent of a neter
group is as follows:
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Step 1. Place the tenporary block-out frame on top of the [ift
concrete when it has reached an elevation about 12 in. below final
gr ade.

Step 2. Finish off remainder of |ift outside the frame.

Step 3. Explore the bed with shovels and renove cobbles over
3in. in size to a depth of 4 in.

Step 4. Set tenplate, using survey points previously nmarked,
and place neters in approximte |ocation, running cables out be-
neath block-out frame and tenplate.

Step 5. Using an electric |aboratory vibrator or a pointed
1-1/2-in. dianeter steel pipe, punch holes at the proper |ocation
in the prepared bed to receive the vertical and inclined neters.
The holes should be made sufficiently deep so as to contain all
but about 2 in. of the instrument, and the instrunent checked for
vertical or slope by placing the protractor |evel across the flanged
end of the neter. The space between the meter case and the sides
of the hole is carefully filled with stiff concrete containing
little or no coarse aggergate, and thoroughly conpacted. I nclina-
tion of the meter should be checked with the protractor during
this operation. Hori zontal neters are placed in their proper |oca-
tion on top of the prepared bed and aligned and Ievelled. This is
the stage of the installation shown in Figure CI.

Step 6. Cover each instrument i mediately with hand-pl aced
3-in. maxi mum aggregate concrete until a 3-in. thick cushion is
built over and around each neter.

Step 7. After the concrete has been allowed to stiffen slight-
ly, remove the tenplate and bl ock-out frame, and fill the remain-
der of the hole with regular fresh concrete. The concrete should
not be dunped or thrown into the hole, but should be placed care-
fully with shovels to avoid disturbing the enbedded mneters or
damagi ng them

Step 8. After the hole is filled, it may be lightly vibrated
or hand-puddl ed to consolidate the covering concrete, extreme care
bei ng taken to avoid wal ki ng over the area or otherw se disturbing
the instrunents. A board cover or barrier will serve to protect
the area during the lift exposure period.

c. Aternate Procedure for Interior Goups. A second procedure
for enbedding strain neters, particularly useful for groups of 10 or nore
instruments, involves the use of a special spider nounting frane, Fig-
ures G2 and C3, which sinplifies alignnment of the neters. Details are
as follows:

Step 1. Level off a concrete bed 2 ft below the ultimte
elevation of the lift.

Step 2. Mark the neter group location with a |light board
framework and finish up the lift around this [location.
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Figure CG-1. Strain Meter Goup Ready to be Covered (Courtesy of the
Bureau of Reclamation).

Step 3. Make final assenbly of strain neters on the spiders
on a plywood or wood working platform nearby the l|ocation, and
lay out and bunch cables ready for enbednent.

Step 4. Explore the levelled-off bed with shovels and renove
cobbles over 3 in. in size near the bedding surface. Consolidate
lightly with vibrator.

Step 5. Place spider and attached neters in position, and
check orientation and |evel.

Step 6. Carefully place concrete by hand around neters, and
hand-puddl e or carefully vibrate within the spider with a snall
| aboratory vibrator. As covering of the meters begins, the shoul ders
of the surrounding finished lift should be lightly vibrated to
avoid the possibility of sudden sloughing of the sides onto the
spi der assenbly.

Step 7. Erect a protecting wood barrier to protect the area
during the lift exposure period.
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Figure G-2. Carlson Strain Meter Spider. From "Measurement of Struc-
tural Action in Dans" by J. M Raphael and R W Carlson.

Figure G3. Strain Mters Munted on Spider (courtesy of the Bureau of
Recl amat i on).
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d. Surface Strain Meters. Boundary groups, or surface strain
meters, consist of several neters (fromthree to six) placed at distances
varying from3 in. to 3 ft froma surface of the structure with each
meter arranged parallel to the concrete face and in a vertical plane
The positioning of the meters at the required distance fromthe face, in
a vertical plane and at the proper slope can be satisfactorily attained
by utilizing special pipe brackets bolted or fastened to the top of the
forms. A set of such brackets in place ready for concreting i s shown
in Figure G4. Each bracket holds a length of 1-1/2-in. pipe, swedged
shut at the bottom end, at the proper distance from and parallel to the
formsurface. Wen the concrete is placed, as in Figure G5, each pipe
forms a hole slightly larger than the meter dianmeter. A shallow hole
about B-in. deep is dug around each pipe; and after the concrete has
stiffened slightly the bracket screws are renmoved, the pipes pulled out
and the neters placed in the holes. The space between the neter case
and the sides and bottom of the hole is filled with nortar and carefully
tanped to insure conplete contact with the instrument. Figure C6 shows
the installation at this stage, The depressions around each meter are
brought up to grade by carefully placing concrete with shovel s and hand-
tanping. A board cover or barrier will protect the area while the con-
crete is hardening.

Figure C-4. Pipe Brackets for Locating Boundary Strain Meters - Prior
to Placing Concrete (courtesy of the Tennessee Valley
Aut hority).
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Figure C5. Pipe Brackets for Locating Boundary Strain Meters - After
Concrete is Placed (courtesy of the Tennessee Valley
Aut hority).

Figure C-6. Boundary Strain Meters in Place (courtesy of the Tennessee
Val l ey Authority).
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Figure C-7. No-Stress Test Specimen Pipe Containter (courtesy of the
Tennessee Valley Authority).

G3. "No-Stress" Strain Mters.

a.  Purpose. For the purpose of measuring independently the vol u-
netric effects of tenperature and noisture changes and chemical action
within a large structure, "no-stress" strain neters are frequently pro-
vided in conjunction with strain meter groups. This can be acconplished
by enbedding an ordinary strain neter in typical nmass concrete which is
isolated from deformations due to |oading, but is responsive to the tem
perature, noisture, and growth changes prevailing in the nass concrete
of the structure.
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h. Typical Installation. One arrangenment, used successfully on
previous installations, is to provide a cavity in the lift near the
strain neter group by enbedding a 3- or 4-ft length of 15-in. diameter
concrete pipe so that the flange extends about 3 in. above the lift sur-
face. A concrete pedestal is constructed around the bottom of the pipe
to support it and hold it in place during placenent of the concrete |ift
and a precast concrete cover is provided. The pipe and upper portion of
the pedestal are shown in Figure C-7. The strain neter is suspended in
the center of a 12- by 24-in. cylinder specinen nold (of a type which
will permt easy stripping), and the nold filled with fresh concrete
taken froma typical |ift batch adjacent to the strain neter group. The
12-in. dianmeter nold permts the use of up to 3-in. aggregate concrete
so that the no-stress cylinders will closely represent the concrete in
the lift. At locations where 6-in. aggregate concrete is being used
cobbles larger than 3 in. are removed from the concrete placed in the
cylinder nold. Figures C8 and C-9 show details of the no-stress cyl-
inder cavity. The day after the cylinders are cast, the nolds are renpved,
the cavity cleaned and water renoved, the cylinder placed in the cavity,
and the precast cover placed and sealed

c. Aternate Installations. A second schene, used by the Bureau
of Reclamation, is to enbed two strain neters, one vertically and one
horizontally, near the top of a concrete Iift, and then place a 3-ft
dianeter 3/8-in. thick steel plate over the lift surface. The plate is
held 2 or 3 in. above the concrete surface by a circunferential rim or
lip, which isolates the neters fromthe effects of vertical |oad. The
l ength change indicated by the vertical neter includes the deformation
resulting from the horizontal strains nodified by Poisson's ratio, while
the horizontal strain neter aids in the evaluation of the Poisson ratio
effect. A third schene, devel oped by Serafim involves the use of a
doubl e-wal | ed, doubl e-bottom copper container which serves to protect
the concrete containing the meter from strains due to load, yet provides
continuity of the concrete so that other volumetric changes may take
place w thout restraint.
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Figure G8. No-Stress Meter Cylinder with Mold Partially Renoved
(courtesy of the Tennessee Valley Authority).

C-4. Joint Meter.

a. Arrangenent. \Whenever possible the joint meter installation
should be so arranged that the neter unit and the cable lead are placed
in a following block. Wile other arrangements are possible, they re-
quire nore care in placement and frequently involve field splicing of
the cable and/or special protection facilities for cable and neter. The
most conveni ent location for the neters is from6- to 10-in. bel ow the
top of a lift.
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Figure C-9. No-Stress Meter Cavity and Cover (Courtesy of the Tennessee
Val l ey Authority).

h. Meter and Cable in Following Block. The socket plug is nailed,
with its slotted side against the form to the interior surface of the
format the desired |ocation, as shown in Figure C-10. The meter socket
is then screwed onto the plug, conpleting the prelinmnary step in the
meter installation, Figure C11. A joint meter socket being covered by
concrete in a leading nonolith is shown in Figure C-12. Should it be
found that the bond between the socket and surrounding concrete is not
adequate to prevent displacenment during formrenoval operations, short
metal anchors may be welded onto the socket prior to placement. After
concrete in the follow ng block has been brought up to elevation of the
joint neter location, remove about 1 sq ft of the fresh concrete to a
depth necessary to expose the plug in the end of the socket enbedded in
the leading block. Renove the plugs as shown in Figure C 13 and insert
the joint meter unit, screwing it in tightly, as in Figure C14. The
neter should then be manually forced into position which will provide
sufficient available operational range in the meter to cover the nmagni-
tude and direction of the expected joint novenent. Normally a conpletely
closed position or a midrange position will be satisfactory. The ini-
tial meter position is determ ned by naking ratio readings with the
portable test set. Backfill with concrete around the meter, tanping
carefully to obtain a good enbedment without displacing the neter.
Several boards laid on the completed lift surface at the meter |ocation
will serve to protect the installation until the concrete has hardened.
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Figure G 10. Joint Meter Socket Plug (Courtesy of the Tennessee Vall ey
Aut hority).

Figure C-11. Joint Mter Socket Screwed onto Plug (Courtesy of the
Tennessee Valley Authority).
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Figure G12. Joint Meter Socket in Place (Courtesy of the Tennessee
Val l ey Authority).

¢c. Meter in Following Block, Cable in Leading Block. Wwen it is
necessary or desirable that the cable |lead be located in the |eading
bl ock, the nost satisfactory arrangenment is to enbed the required |ength
of cable (prior to attachment to the joint meter) in the lift immediately
above that containing the neter socket, termnating the cable end to be
attached to the instrument in a 1-ft square bl ock-out near the socket
location. At least 5 ft of free cable should be coiled into this recess.
After the meter unit is installed, as described in the preceding para-
graph, the short cable lead attached to the instrument is run vertically
to above the lift surface, and concrete is carefully placed around the
meter unit. The following day, after the concrete has hardened, the
short instrument lead projecting above the lift surface is joined to
the free end of the previously enmbedded cable with a wapped field splice
Since the enbedded cable crosses a contraction joint, provision nust be
made at the crossing point to pernmt the enbedded cable to accommdate
the expected differential nonolith novenents. This is done by coiling
one or two loops of slack cable in the bl ock-out, and providing a cover
for the recess when concrete is placed in the adjacent lift. Figure C15
shows the meter and cable arrangement for this schene.
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Figure C-13. Enbedded Joint Meter Socket with Plug Renpved (Courtesy of
the Tennessee Valley Authority).

Figure C-14. Joint Meter Unit Screwed into Socket (Courtesy of the
Tennessee Valley Authority).
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Figure C15. Joint Meter in Follow ng Block, Cable in Leading Bl ock.
(Prepared by VES)

d. Meter and Cable in Leading Block. The necessity for field-
splicing the instrument cable in the follow ng block to the enbedded
cable in the leading block can be avoided by turning the joint-neter
end-for-end and enbedding the meter unit and cable lead in the |eading
bl ock and the socket in the following monolith. To acconplish this, a
hole slightly larger in dianeter than the neter case at the bellows sec-
tion is drilled through the lift form of the leading nonolith at the de-
sired location, and the meter unit inserted for one-half its length with
the cable end inside the forns. The socket is screwed onto the end of
the meter projecting fromthe exterior face of the form and fastened
to the exterior of the formso as to hold the neter securely during con-
crete placement. The socket is remved to pernit form renoval, which
must be done carefully to avoid displacing the partially enbedded neter.
The socket is then replaced, and suitable provisions nade to protect the
proj ecting socket during subsequent operations. Wile this procedure
elimnates the field splice, considerable opportunity exists for danmage
to the sensitive nmeter unit during form renoval operations and during
the period while concrete is being placed in the follow ng bl ock.
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C5. Stress Meter.

a. Enbedrment Procedure. Proper and satisfactory operation of the
stress neter is dependent alnmpst entirely upon obtaining a perfect con-
tact between the neter plate and the adjacent concrete. An enbednent
procedure, to be acceptable, nust avoid the formation of air pockets and
elimnate so far as practical the collection of water beneath the meter
whi ch al ways occurs during bleeding.

b. Meter on Horizontal Plane. Placenent of the stress meter in
hori zontal (stem vertical) and diagonal (stem sloping) positions may be
acconpl i shed by providing a hole or depression in the top of the lift, as
shown in Figure C16 and bedding the neter the followi ng day after the
lift concrete has hardened. The conplete step-by-step procedure recom
mended is as follows:

Step 1. Prior to starting concrete placenent in the lift, the
meter and about 4 ft of attached cable is placed in a wooden box only
slightly larger than the plate and about 12- to 15-in. deep. \Wen con-
crete has reached an elevation about 12 in. below the top of the lift,
the box containing the meter is placed at the desired location, and lift
pl acenent conpleted. The meter cable |eads are placed and buried during
this period in the usual manner, except for the 4 ft of surplus cable
which remains in the box. This cable slack is necessary in order to al-
| ow sone freedom in placing the neter during enmbedment operations.

Step 2. When the lift has been conpleted, the box containing
the neter is removed from the concrete and a conical cavity left in the
lift surface. The side slopes and bottom should be sloped or |evelled
as required, and left in a reasonably smoth plane condition. Avoid ex-
cessive trowelling or floating. A diagrammetric sketch of a prepared
cavity, with 45° slopes suitable for diagonal meters, is shown in Fig-
ure C-16. The boxed neter is replaced in the cavity, and a heavy wooden
box or cover is placed over the hole to protect against danage.

Step 3. The following day, after the concrete has hardened,
the hole is cleaned to remove all laitance and |oose material so as to
provide a good bond with the new concrete. The areas upon which the
meters are to be placed should be chipped to renove projecting corners
of aggregate, and wire brushed to expose a good bonding surface. All
wat er should be renoved from the hole, and provisions made to prevent
curing water from entering the cavity during the meter placenment opera-
tion.
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Figure C-16. Cavity in Lift Surface for Installation of Stress Meter.
(Prepared by WES)
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Step 4. About 1 hr before placing the stress neter, a sanded
grout is prepared, consisting of 80 g of cement and 120 g of sand
passing the No. 30 sieve with only enough water to produce a plas-
tic consistency. It is recomended that one or nore trial mxes
be made to establish the anount of water required for the nortar
Just before placing the meter, a thin film of grout, nade by add-
ing water to a small anount of the prepared nortar, is brushed over
the smoothed concrete surface in order to danpen and lubricate it.
The remaining nortar is reworked without additional water, placed
on the danpened surface where the nmeter is to be |ocated, and
shaped into a rough cone. Then, with a reciprocal rotary notion
the meter is pressed down on this nortar cone causing it to squeeze
outward and appear around the rim of the neter. The nortar bed
after the nmeter has been pressed into its final position, should
be not nore than 1/8 in. in thickness (preferably 1/16 in.).
Weights totaling 15 to 20 I'b should be uniformy distributed over
the upper surface of the nmeter plate, as shown in Figure C 17, to
hold the neter in close contact with the nortar. A small tripod
table carrying the proper weight [oad has been found convenient
and assures a uniform applied pressure

Figure CG17. Stress Meter in Place (Courtesy of the Tennessee Valley
Aut hority).
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Step 5. After the nortar has set slightly (from2 to 3 hr),
fresh concrete sinmilar to that in the renainder of the lift should
be carefully placed in thin layers and thoroughly hand-conpacted.
The tripod and weights may be renmoved after the first or second
| ayer has been placed. Care should be taken in placing the cop-
crete to avoid displacing the neter. After the hole is conpletely
back-filled, it should be covered with a |ayer of boards for pro-
tection until the concrete has hardened. Normal curing operations
shoul d be resumed as soon as the fresh concrete has hardened suffi-
ciently.

c. Meter on Vertical Plane. Placenent of stress neters in a verti-
cal position (stem horizontal). is done in fresh concrete of the lift and
presents no difficult problem After concrete placenent in the lift has
been conpleted, a hole about 12 in. in depth is dug at the neter |ocation.
The nmeter is laid in place and concrete, with the large cobbles renoved,
placed in thin layers around the instrunments and thoroughly tanped into
place, as in Figure C-18. Alignment and position of the neter should be
checked and maintained during placement of the concrete backfill. A
tenmporary board cover over the meter location will protect the installa-
tion until the concrete has hardened.

Hand -excavated recess L ift p
/ft surface
\ S

i N LT

F N 7 =Backfilled by
°:\ Ay - hand in thin
N AWV r_ s layers.

Figure CG18. Position of Stress Meter for Masuring Stress on Vertical
Pl ane. (Prepared by VES)
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C-6. Pore Pressure Cell. The pore pressure cells are usually |ocated
near the top of a lift, where placenent can be acconplished after con-
creting in the area has been conpleted. A hole just large enough to ac-
commodate the instrunment and about 12 in. deep is dug at the desired |o-
cation. The neter is laid horizontally in the hole, normal to the ex-
terior surface of the concrete, and with the porous plug at the desired
di stance from the water-concrete contact plane. Frames or brackets to
hold the neters in position during enbednent should not be used, since
they would possibly provide a |eakage path directly to the cell. Con-
crete is placed by hand around the instrunment and tanped sufficiently so
as to obtain a good contact between the body of the meter and the sur-
rounding concrete. Avoid excessive tanping or working of the concrete
whi ch woul d result in a highly inperneable zone around the neter and ad-
versely affect the normal buildup of hydrostatic pressures being neasured
Where several cells are located in a lift at different distances from
the water-concrete contact surface, the neters should be arranged in
echelon formation, at least 3 ft apart, in order that the instrunents
near the surface will not interfere with the devel opment of hydrostatic
pressures at the instruments farther from the face. After enbednent, a
temporary cover of boards laid over the meter |ocations will afford pro-
tection until the concrete has hardened

C7. Resi st ance Ther noneter.

a. Instrument Location. Enbednment of the resistance thernoneter
is a sinple procedure since orientation is usually not inportant and
careful placement of concrete around the neter is not a requirement.
When the location of the instrunent relative to the top or bottomof a
[ift is not inportant, the thernoneter is sinply laid in a shallow (6
or 8 in.) hole, covered imediately by shovelling or pushing fresh con-
crete over it and the area lightly vibrated. Installation of severa
thermonmeters or thernoneter groups on a single horizontal plane within
alift is nost easily done by placing them at the bottom of the lift.
The nmeters should be taped or tied securely by neans of wires or wire
| oops enbedded in the top of the previous Iift at approxi mately the
proper |ocations.

h.  Spacing. For accurate spacing of thernometers at various heights
inalift, the neters may be taped to a pole or rod which is enbedded in
the previous lift or otherwise maintained in a vertical position. Wod
poles or 1/2-in. diameter bakelite tubes are recommended because of their
favorable thermal properties. Qher materials of [ow heat conductivity
may be satisfactory, if in the formof thin-walled tubes. Reinforcing
bars should not be used for this purpose
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¢c. Locations near Exposed Surfaces. Thernoneters located within
approximately 3 ft of exposed concrete surfaces or bul khead faces sub-
ject to daily tenperature variations must be placed accurately at their
intended distance from the surface or face. Instrunents nust be secured
firmy in position in some manner, since the placenment of adjacent fresh
concrete and mani pul ation of the vibrator equi pment frequently will cause
a relatively large displacement of a "free-floating" thernmoneter. The
preferred nethod is to enbed tie wires in the surface of the previous
lift, place the thernonmeters on the hardened concrete |ift surface and
fasten them securely in their proper location by means of the tie wires.
A second nmethod, used when it is desired to place the thernonmeters within
a concrete |ift, consists of a light-weight bracket of |ow heat conduc-
tivity material fastened to the interior formsurface holding the thernmm
eter at the desired distance fromthe form Care is required in renoving
the forms and detaching the brackets therefromto avoid dislodging the
enmbedded neter. The brackets should be as small as feasible so as not to
interfere with the normal novenent of heat between the surface and the
thernmoneter |ocation, and of a nmaterial whose specific heat and thernal
conductivity are of the same general nagnitude as those of concrete.
Thermometers in groups should be arranged in echelon formation in order
that each nmeter will not interfere with the novenent of heat between the
surface and other instruments in the group.
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